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1.0 INTRODUCTION

1.1 . Statement of the Problem

The chlorinated solvent trichloroethyiene {also known as trichlaroethene or TCE) has been
detected in shallow aguifer monitoring wells at the Weldon Spring Chemical Plant (WSCP} and
the Weldon Spring Training Area (WSTA). The maximum concentration of 9,060 ugl was
measured in a June, 1996 groundwater sample from well MW-2038 (Figure 1-1). TCE above 500
pg/l consistently occurs in the samples from MW-2038 and from twao other weils slightly
upgradient (south) of Raffinate Pits 3 and 4 (MW-2037 and MWS-21 - see Figure 1-2 showing
July 1995 potentiometric surface). Lower but quantifiable levels of TCE (1.2 t0 539.8 pg/h) have
been measured in samples from six additional monitoring wells (MW-2013, MW-2030, MW-
2032, MW-3024, MW-3025, and MW-4001), aithough TCE has not been detected in MW-3024
since it was retrofitted from an open hole to an unweathered zone monitoring well in November
of 1996, TCE is a carcinogen with a maximum contaminant fevel (MCL) in drinking water of 3

ngfl.
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1 2-dichloroethylene (1,2-DCE), a TCE breakdown product under anzerobic conditions, has been
found above the quantitation limit in § of the 57 wells sampled for volatile organics during the
period April 1996 through August 1997 (MW-2013, MW-2032, MW-2037, MW-2038 and
MWS-21). The June 1996 sample from MW-2038 also had the highest measured concentration
of total 1,2-dichloroethylene (total includes cis-1,2-dichloroethylens and trans-1,2-
dichloroethylene isomers) at 39.0 pg/l. The MCLs for the cis-and trans-1,2-dichloroethylene
isomers in drinking water are 70 pg/l and 100 pg/l, respectively.

Soil samples have been collected at various locations adjacent to the raffinate pits, in the berms
around Raffinate Pits 3 and 4, and in the former PCB drum area of Raffinate Pit 4. TCE was not
detected in any of the soff and perched groundwater samples in the vicinity of the PCB drum area
por in any of 27 berm soil samples. Seven soil samples collected at two locations in an area
between Raffinate Pit 3 and Building 301 had TCE ranging from 5 to 4,800 pg/kg. No other
TCE soil contamination has been found.

The sludge in all four raffinate pits was sampled between 1988 and 1990 as part of the Chemical
Plant Remedial Investigation. TCE was detected in one sample from Raffinate Pit 3 at 23 pg/kg.
In 1990 and 1991, sludge from the southwest corner of Raffinate Pit 3 was sampled as part of the
Chemical Plant Feasibility Study and was found to contain TCE at concentrations from 23 ne'kg
to 110 pgfkg. Finally, sludge from Raffinate Pit 3 was also sampled in 1996/1937 at three depths
in each of six locations. TCE and 1,2-DCE were not detected in these samples.

Four springs were sampled during 1996 and the first part of 1997, but TCE and 1,2-DCE were
not detected. The detection limits ranged from 3 pg/l to 10 pgt. TCE was detected at very low
levels (from 1 to 2 pg/T) in the recent samples from Burgermeister Spring (6301) and Spring 6303
using an analytical methad with & lower detectton limit {gas chromatography).

A, source area of TCE has not been identified, although previous TCE usage is indicated based on
concentrations as high as 280,000 pg/kg in oily residue from drums removed from the southsast
corner of Raffinate Pit 4 and vp to 110 ugke in shadge from the southwest corner of Raffinate

Pit 3. Potential areas of historical TCE usage include a locomotive maintenance facility (huilding
5-28) and adjacent underground storage tanks (USTs) on the WSTA and the paint shop {building
417) located to the east of building 3¢1 on the WSCP (Figure 1-3).

1.2 Scope

This memorandum describes a soil gas survey performed at the WSCP and the WSTA from June
17 through July 17, 1997 to define the extent of contamination by TCE and its degradation
products in soil and groundwater. This work was performed under Task 2 of Work Package 476,
Geotechnology, Inc. was subcontracted to perform all predrilling, direct push sampling, and
borehole abandonment. Direct push soil gas and groundwater sampling was performed with 2
van-mounted Geoprobe® rig. Predrilling was performed with a CME 550 auger tig at selected
locations to facilitate sampling where the overburden was thickest. A PMC geologist supervised
the drilling, determination of sample depth, and sampie collection.
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1.3  Objectives
. The generat abjective of the s0il gas survey was to determine the source, nature, and extent of
trichloroethylene {TCE) contamination, Specific objectives are as follows (MKF & JEG, 1997):

. Identify the source(s) of TCE contamination detected in the shallow aquifer.
. Determine the extent of TCE contamination in soil.

. Provide a basis for locating soil samples.

. Further define the distribution of TCE ¢ontamination in the shallow aqunfer,

1.4  Nature of the Contaminant

TCE is a chlorinated hydrocarbon used as a solvent primarily in dry cleaning and metal
degreasing. Releases of chlorinated hydracarbons usually oniginate from leaking storage tanks or
from poor housekeeping practices where solvents are spilled or dumped (Fetter, 1993). TCE is
also a degradation product of tetrachloroethene (alse known as tetrachloroethylene,
perchioroethene, perchloroethylene or PCE - see Figure 1-4 for degradation pathways). The
frequency of groundwater contamination problems involving TCE can be attributed to its
widespread use as a solvent and physical characteristics typical of chlorinated hydrocarbons.
These include {Schwille, 1988):

. Chlorinated hydrocarbons generally are immuscible with water. Immiscible fluids
do not mix freely due to surface tensinon forces. The immiscible phase (free
product) represents a patential long-term source of dissolved-phase contamination
when released into the subsurface because it dissolves sparingly.

. Although immiscible, chiorinated hydrocarbons are actually quite soluble relative
to regulatory cleanup criteria, For example, the selubility of TCE {1,100 mgfl) ts
220,000 times the MCL (Attachment 1). A small amount of free product can
therefore contaminate a large volume of aquifer.

. Chlorinated solvents generally are less viscous and more dense than water (TCE
specific gravity = 1.46). The gravitational gradient can therefore cause free
product to migrate beneath the water table and against the prevailing hydraulic
gradient {e.g., along a stoping confining layer or the top of bedrock - Figure 1-3).

- Chlorinated hydrocarbons tend to be less biodegradable than other organic
compounds and thus are relatively persistent in the subsurface.

«  Chlorinated solvents tend to be quite volatile, The Henry's Law Coefficient for
partitioning between air and water is approximately .01 atm*m’/mole for TCE,
. For groundwater at atmospheric pressure with 500 ug/l TCE, the equilibrium
concentration in air is 38 parts per million by volume {see Attachment 2).
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2.0 METBHODOLOGY

2.1  Drilling and Sampling

An atterpt was made to sample soil vapor at the clay till/residuum contact and at the
residuum/bedrock contact at each of 34 proposed locations. The basis for locating samples is
described in Addendum 3 to the Sampling Plan for the RUFS (MEF & JEG, 1597).

One or more soil gas samples were collected at 30 of the proposed locations (Figure 1-13. A
sample was not obtained at $G-13 due to the low permeabnlity of the overburden and at two other
sample locations due to inaceessibility (§G-04 and 5G-32). An in-situ sampie of groundwater
was collected with 2 small diameter stainless steel bailer in lieu of a soil gas sample at 5G-14
because the target sample depth was below the water table. The coordinates and depths of
sampling are provided in Table 1,

Borings were predrilled at 17 of the 34 proposed sample locations to facilitate probe sampling
where the overburden was thickest {see Figure 2-1). Predriliing was performed with an all-terrain
CME-550 drill rig using hollow-stem augers with an inside diameter (ID) of 3% inches and a 7%-
inch outside diameter {OD) lead auger. Drilling advanced to within 8 feet of the upper target
sample interval. Temporary nominal 1%-inch diameter iron pipe was then driven a few feat
beyond the lead auger depth to seal the bottom of the hole. A threaded cap was screwed oato the
upper end of the pipe. The auger flights were retrieved and a minimuem 5-foot interval of the
outer annulus at the bottam of the augered hole was sealed wath bentonite grout to prevent
possible loss of volatiles to the atmosphere. A prefabricated wooden collar was installed around
the pipe to prevent sloughing of material from the surface. Drill cuttings were mounded on top of
the wooden collar and covered with plastic to prevent entry of surface water into the bonng,

Direct push sampling was performed with a van-mounted model 8M Geoprobe® An expendable
1Y-inch outside diameter drive point was driven inside the 1%4-inch iron pipe to depth on 3-foot
long rods. The outside diameter of the drive rods is approximately t inch. Upon reaching the
depth of sampling, the drill string was raised thereby releasing the expendable drive point and
exposing the formation for sampling. Unused Y4-inch OD polyethylene tubing was lowered
through the drill string and attached to a threaded, airtight fitting at the base of the lead rod. Soil
gas samples were drawn into 1-liter Tedlar bags using a portable vacuum chamber for analysis at
an off-site laboratory, The air samples were analyzed for volatile hydrocarbons using EPA
method TO-14 modified {the modification involves tha use of 1-iter Tedlar bags in lieu of
specialized stainless-steel canisters). For comparative purposes, a sample of the ambient air was
collected far inclusion with each shipment of scil gas samples. Photographs of the Geoprobe®
van and associated vapor sampling equipment are provided in Attachment 3.

As can be seen in Table 1, probe refusal generally occurred at an elevation above the modeled top
of bedrock surface. In many instances, refusal likely was the result of encountering large
relatively insoluble chert fragments {cobbles or boulders) which are typical of the residuum layer
found directly above the fimestone bedrock but also occasionally occur in the overlying clay till.
- Refusal abgve the modeled top of bedrock may also be attributed to the fack of
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TabIe 1- Sml Gas Samgimg Data
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control points in certain cases. The [Dcatmns for which refiisal was more than 10 feet higher than
bedrock are SG-15, SG-18, SG-19, $G-20, §G-29, 5G-30, and $G-34. Without exception, these
lacations are on the WSTA where data control is relatively sparse due to the velative paucity of
bareholes/monitoring wells,

The depth to refusal was less than 10 feet at $G-25, §G-26, and §G-27. These locations trend
approximately south-north and are adjacent a tributary of Schote Creek (Figure 1-3). Although
TCE contamination aleng this reach is not indicated, the shallow aquifer is vulnerable to
contamination by surface runoff at this and other locations where the vadose zone is thin.

Sampler refusal above the anticipated target depth resulted in the inability to sample groundwater
at mine proposed locations (see MKF & JEG, 1997) because the water table was not reachable
with the sampling probe. The only groundwater sample collected during the soil gas survey was
at the SG-14 location. The sample was analyzed using EPA CLP methodology for volatile
grganic compounds.

Soil samples were collected to evaluate the potential for soil contamination at three soil gas
sampling locations (SG-10, $G-20, and $G-21). Very low level concentrations of TCE {<3 parts
per billion by volume) were detected in sqil gas at these locations. $G-10 and SG-20 were the
locations with the highest TCE concentrations in soil vapor (Section 3.2). The soil samptes were
analyzed using EPA CLP methodology for volatile organic compounds.
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Chain-of-custody forms and seals for all environmental samples were prepared by Environmental
Documentation personnel in accordance with ES&H Procedure 4.1.2, Initiation, Generation, and

Transfer of Environmental Chain of Custody.

2.2 Environmental Safety and Health

Drilling and sample collection was performed in accordance with the subcontractor's Safe Work
Plan under the authority of PMC’s site health and safety plan. A safety inspection was performed
by PMC safety personnel on the Geoprobe® van and the drill g, Work in unrestricted areas was
performed in Level D personal pratective equipment consisting of coveralls, steel-toed boots,
inner cotton work gloves with outer nitiile gloves, safety glasses, hard hats, and hearing
protection as required. Fluorescent safety vests were worn by all non-drilling personnel at the
drill site. Latex gloves were wom during the collection of environmental samples. No safety-
related incidents or accidents accurred during the soil gas survey, All drll cuttings and
environmental samples were screened with a Ludlham 44-9 survey meter for radionuclide
contamination and with a PE Photovac 2020 photoionization detector (PID) for volatile organic
compounds (VOCs). The PID was calibrated daily in accordance with ES&H procedure 3.1.1.
No detections above background occurred during screening of samples and cuttings.

2.3  Equipment Decontamination and Waste Managentent

Drilling and sampling equipment were decontaminated to prevent cross-contamination between
bareholes. Upon entering the site, the drifl rig, Geoprobe®, and sampling equipment were steam
cleaned by the drlling subcontractor at the Building 434 decontamination pad. Between each
barehole the sugers and downhole sampling devices were steam cleaned and allowed to air dry.
All sample containers were unused and factory clean.

Soil cuttings from the predrilling of $G-02 were contained in 33-gallon drums and disposed of at
the Ash Pond Storage Area (APSA) due to the proximity of this tocation to Raffinate Pit 3 and to
monitoring wells with contaminated groundwater (MW-2037 and MW-2038). Waste
minimization procedures were implemented to reduce drifling-related trash, which was bagged
and placed in the appropriate container at the Temporary Storage Area (TSA) access control.

Z.4 Boring Abandoament

Soil gas borings were abandoned by pulling the temporary 1%-inch ron pipe, if present, and
grouting in accordance with requirements for temporary monitoring wells in Chapter 4 of 10 CSR
23 Missouri Well Consiruction Rules. Grout-Well® high solids bentonite grout with a minimum
density of 3.4 |b/gal was emplaced using a tremie pipe and a positive displacement pump.

3.6 RESULTS

A total of fifty-seven vapor samples were collected including six samples of ambient air at ground
surface. The fist of analytes comprises forty-five volatile organics. Table 2 presents a summary of
the analytical results with concentrations expressed in parts per billion by volume {ppixv).

Included for comparative purposes are average and median concentrations of selected volatile
organics in ambient outdoor air from a nationwide database (see Shah and Singh, 1938). The

s
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Table 2 - Soil Gas Sampling Statistics
. R . ot
e Rl

: oPlémctcr T
1. 1-Dichlorosthane ] — - - _
1,1-Dichiorethens 1| 5G-397005-M .34 1.40 .20 023
1,1, 1-Teichlooozte re i - — - — 191 0.16
1,1,2-Trchloroethane 0] SG-A9N011-01 475 — 0.12 - L 0.0
|1,1,2.1-Tttmch]nmclhm= 3 {1 8G-397011-01 3.17 — 053 — 0.1% .04
1,2-Dibromosthaas q { — - - —
P—Di:hlnrﬂb:m:n: 0 1 — -— - — i.30 000
1. 2-Dichlceoethane 1T 0| SG-307¢ 101 5.29 — (.74 — 033 .00
1.2-Dichlosopropane g i - — — - 016 .02
1,1,4 Trimethyibenzens 50 4| 5G-397002-01 13.45 352 4.0 135
1.2, &Trichlorghenzens .4 1] — — — -
1,3-Dicklorsbenzens 0 D - . - — — 0.39 0.0a
1,31 5-Trmethy|betrs pe 30 1} 5339701002 5.7 1.29 1.1& 022
| #Dichlorobenzens il i} - — - — 1.00 .04
4Eihyitoluene 11 0f 5G-39T011-01 3.90 — .44 . -
Benzene 43 4 5G-197001-01 26.55 2.39 1.07 L2 2,30 Ler|| <
Bantvlthlarida | 1] — - — - [F ]| 1.0l
Sromudichlormethans 13 ol s-397007-01 3.00 - 0.40 -
Aramoform q 0 — - — -
Bromomeathans { 0 — — — — ERIH 1.18
giz-1 2-Dichlomethess 0 — — — e 033 (.04

. ¢is-1,2-Dichlarcprbpene { 0 . - - -
Carbgn disulfide 47 4| 5G19703701 19.20 [0, 77 1.66 345
Carbon tetrachlonide - ! Ol 5GA970A0d [ - 0.0z — 017 0.12
Chlombenzene v] - - — — 0.33 .08
Chlorasthane i] — — - - 3.94 0.0
Chloreform 0] 5G-397030-01 3.23 e AL —f. (.53 ]
Chleromethanc 19 1 2,59 769 8.13 B.45 o] ossl]””
Dibramocharomethane [ 0] SG-3970E0-0 1.55 — .03 —
Dichlovodifluseomethans (F-17) t 0| sg-39 797301 132 — {.02 — 0+ P33
Etylbenzene 47 1] 5&- 397002401 k.36 2,15 2.24 0.6
Freon L1} 2z 0] §5-397005-40] 1.79 = .04 -
Freon 1[4 1 0] 5G-3197023411 1.90 — R.04 -
Hexachlorobutadizne { i] — — — — Q.04 0.0 L
Meth¥tene chloride 27 L] sE-39 03702 24.2% 118 382 1.70]. 1.62 a7
WMER Kvlene 3l 5] SF-39M1114H 18.93 350 5.51 1.0
O Xylans 43 1] 5G-327010-01 7.67 1.48 245 .44
Slyrenc 45 3| 8G-39701002 7346 2.98 4.65 1.35
teans-1.2 Dichleooethene B 1] ~ = = =
irans-1.3-Dichlampropens z 04 53-377015.02 [k — 0.3 - i
Tetmchlorpethens (PCE] 2 9] SG-3¥T10-02 135,47 - 1.7 - 085 0.33
Talutne 51 5| sGaomis-or | 14395 ssas) 3308 15.14 IR
Trichlomethene (TCE) 7 01 5G-397020.01 2.93 — 0,30 - 0.50 0.1
Trichlorofluoromethans {F-113 9 b SG-397021-01 53,44 1.04 .76 0.17 0.25 o.200]
Yinyl chieride 0 0 - - - - 123 0,00

— = analyte not detected
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outdoor sample locales are described as being a combination of “urban, rural, suburban, remote,
and near source”, It can be seen that part per billion levels of several volatile erganic compounds,
including chlorinated solvents such as TCE, viny! chloride, and PCE, are typical of outdoor air in
the United States.

31 VOOs
Twenty-seven of the forty-five analytes were detected in the soil gas, fourteen of which wers not

detected in ambient air samples. Sample $G-11 (next to southwest comner of raffinate pit 2) had
the highest concentration of six of these analytes (1,1,2-trichloroethane, 1,1,2,2-
tetrachlorocthane, 1 2-dichloroetharie, 4-ethyitoluene, m&p-xylene, and o-xylene). SG-10 had
the highest concentrations of four analytes (PCE, styrene, dibromochloromethane, and 1,3,5-
trimethylbenzene) and the second highest concentration of TCE {2.79 ppbv), carbon disulfide
{17.5 ppbv), and 4-ethyltoluene (2.97 ppbv).

Thirteen of the forty-five analytes were detected in ambient air samples. All thirteen of these
analytes were also detected in soil gas. With the excepiions of 1,1-DCE and chloromethane, the
average concentration of VOCs in soil gas was higher than the average concentration in amirent
air. There was only one ambient air detection in both cases.

The levels of volatite compounds in the air sampies are not considered atypical for outdoor air and
soil gas affected by outdoor air quality based on comparisan with surnmary statistics for a VOUs
database {Shah and Singh, 1988). The exchange of air between the atmosphere and vadose zone
may occur at WSCP and WSTA either directly through the soils or indirectly through monitoring
wells. The migration of air through the soil is affected by the interconnectedness of the vapor
phase, the vertical permeability, and by flectuations in barometric pressure. The high soil water
saturation fevels (>90%) and low permeability of the clay till and the Ferrelview Formation
(MKES, 1993) would tend to retard the movement of ambient air directly through the upper suil
layers.

The maximum measured cancentration of any individual compeund (185 ppbv) was for PCE in
the deep sample (23 to 24 feet below ground surface) at SG-10. SG-10 is immediately to the east
of a concrete foundation which likely served as an unloading area based on its position at the
southem terminus of a historical tramway (Figure 1-3). The estimated depth to water at SG-10
is 29.83 feet below ground surface which is 5.83 feet below the base of the deep sample interval.
PCE was not detected in ambient air samples. The only other detection of PCE (4.98 ppbv) in
soi vapor was in the shallow sample (17 to 19 feet below ground surface) at 5G-10.

The increase in PCE concentration with depth at $G-10 suggests volatilization from groundwater
rather than from 2 vadose zone source although significantly, it has not been detected in
groundwater samples in nearby monitoring wells with a 10 pg/l detection limit. The MCL for
PCE in groundwater is 5 ug/l. The difference in concentration with depth also points out that
significant vertical chemical concentration gradients may occur in the vadose zone, which is
attributable to the generally low vertical permeability of overburden sediments {see MEES, 1993).
The elevation of the sample interval with respect to the water table {(Table 1} should therefore be

’ MEES Dos. Mo
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considered when using soil gas data to draw inferences about groundwater contamination (i.e.,
‘the further the sample interval from the water table, the lower the confidence in attributing the
results to volatilization from groundwater). Also, the difference in concentration indicates that
the data cannot be used directly to define groundwater chemistry.

Other analytes elevated above national average and site average ambient air quality melude
toluene and methylene chloride. Both are common Jaboratory contaminants (EPA, 1992).
Toluene was detected in all fifty-one soil vapor and all six ambient air sampies at concentrations
ranging from 3.67 to 144 ppbv. Elevated concentrations of toluene may be related to the
historical use of this compound in the processing of nitroaromatics and its transport across the
WSTA and WSCP in wooden pipelines (Figure 1-3). The highest concentration was in the deep
soil vapor sample at the $G-16 Tocation, which is adjacent the intersection of the end of a toluene
pipeline and a tramway. Toluene also is a relatively abundant compound in outdoor ambient air
with a published average concentration of approximately 8 ppbv and a median concentration of
approximately 2 ppbv (Shah and Singh, 1988).

Several components of fuel and/or fuel combustion products in addition to toluens were detected
in the majority of soil vapor samples. These include benzene, ethylbenzene, 1,2,4-
trimethylbenzene, 1,3,5-trimethytbenzene, and xylenes. The only other compounds detected in
the majority of samples were methylene chloride, styrene, and carbon disulfide. Styrene is used
mainly in the manufacture of synthetic rubber, resins, and plastics. Carbon disulfide occurs
naturally in association with geothermal sources and as 2 product of anaerabic biodegradartion.
Carbon disulfide is used as a fumigant, a solvent, and in the production of rayon, cellophane, and
carbon tetrachlonde.

3.2  TCE and Degradation Products

TCE was detected in soil gas at very low concentrations (<3 ppbv) in seven samples at five
locations on the WSTA. Detections occurred in both interval samples from SG-21 and $G-16.
The maximum concentration {2.93 ppbv at SG-20) is approximately four orders of magmitude
lower than the concentration for vapor at chemical equilibrium with groundwater from the three
most contaminated monitoring wells (MW-2037, MW-2038, and MWS-21 - see Attachment 2).
TCE was not detected in any ambient air samples.

The five locations where TCE was detected ($G-21, §G-20, $G-10, $G-9, and SG-16) trend
approximately north-south from the southwest corner of the WSCP fence (Figure 3-1). The
orientation of the trend is approximately coincident with the direction of groundwater flow,

. although the hydraulic gradient is relatively low based on July 1995 water level data (Figure 1-2).
Upslope surface runoff at these locations would have originated on the chemical plant based on’
the 1987/1989 surface topography (Figure 1-3). TCE was not detected in ambient air samples.

Soil gas detections of TCE occurred in the general vicinity of well MWS-21, where groundwater
samples have an average TCE concentration of 651 ug/l for the period February through August
of 1997. MWS-21 is located in an area in which the bedrock top structure is depressed (see
Figures 1-5 and 3-1). TCE was not, however, detected in the soil gas samples closest to two
: MEKES Doe. No.
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other monitoring wells with high TCE concentrations in groundwater (MW-2037 and MW-2038).
The distance from 5G-01 to MW-2037 and from SG-02 to MW-2038 are 73.5 feet and 1703
feet, respectively (Figure 1-1). The deep sampling intervals are within five fet of the predicted
water table in both cases. Lack of TCE detections at these locations suggests a tenuous
correlation between soil vapor sample results and groundwater concentrations, although this
result could also be attribured to a discontinuous TCE distribution caused by multipla source
areas and/or aquifer heterogeneities.

Neither cis- nor trans-1,2-DCE were detected in any of the soil vapor or ambient air samples.
However, 1,1-DCE, enother TCE degradation product (Figure 1-4), was detected in three soil
gas samples and in one ambient air sample. The maximum concentratton occurred in the $G-03
sample (8.34 ppbv). TCE was not detected in this sample, although this locatien is near SG-16
(194 feet north), where TCE was detected in both soil gas samples (Figure 3-1).

The in-situ groundwater sample (1S-3014-071197) collected at SG-14 was below detection for all
CLP volatiles including TCE (detection fimit = 1 pg/) and total 1,2-DCE (detection kit = 10
puel). No volatile compounds were detected in the soil samples at $G-10, 8G-20, and 5G-21
with 2 10 ug/kg detection limit (wet weight basis), '

40 SUMMARY AND CONCLUSIONS

4 soil gas survey was performed at the WSCP and the WSTA from June 17 through July 17,
1997. The general objective was to determine the source, nature, and extent of trichloroethylens
(TCE) contamination in the shallow aquifer. Direct push sail gas and groundwater sampling was
performed with & van-mounted Geoprobe® rig. A total of fifty-seven vapor samples were
collected including six samples of ambient air at ground surface. The air samples were analyzed
for volatile hydrocarbons using EPA methad TO-14 modified. Very low levels of TCE (<3 ppbv)
were detected in soil gas at five locations in the vicinity of the WSTA adjacent the WSCP.

While the location of these detections correlates generally with the distribution of TCE in
groundwater (Figure 1-1), the correlation between soil gas results and groundwater quality is
tenuous: TCE was not detected in the soil gas samples collected nearest two of the monitoring
wells with the highest TCE concentrations. The maximum concentration of TCE in soil gas (2.93
ppbv) alse is approximately four orders of magnitude less than the concentration of air at
equilibrium with the groundwater in these two wells. Factors which may have contributed to the
tenuous correlation between the soil gas and groundwater chemistries are the inability to reach the
target depth at all sample locations combined with the generally low vertical permeability and high
soil moisture content of the overburden soil strata.

Specific conclusions based on the soil gas survey results are as follows:

= ATCE source area was not identified in either scil or groundwater. Possible but
unverified TCE source areas include historical facilities on both the W3CF and
WSTA. Primary among these are a Jocomotive repair facility (5-28} and an
unloading area at the of end of a tramway on the WSTA, and the paint shop

\.
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located east of building 301 and a historical drum storage area in the vicinity of
Raffinate Pits 3 and 4 on the WSCP. TCE also is a breakdown product of PCE

under anaercbic conditions.

Soil samples were collected immediately adjacent to three of the five borings in
which TCE was detected in soil gas (§G-10, SG-20, and $G-21). No volatile
compounds were detected in any of the soil samples.

The in-situ groundwater sample collected at SG-14 was below detection for all
CLP volatiles including TCE (detection limit = 1 pg/!) and total 1,2-DCE
(detection limit = 10 pgA). This result indicates thar the shallow aquifer
immediately west of Raffinate Pit 4 is not contaminated with volatile organic
compounds.

Tetrachloroethylene (PCE) was detected at only one location, but at a higher
concentration than any other volatile analyte (185 ppbv). The PCE appears to be
very localized and it has not been detected in groundwater samples from nearby
monitoring wells.

Low levels of many volatile compounds were detected in both ambient air and soil
vapor samples. The levels are not considered atypical for outdoor air and sotl gas

 affected by outdoor air quality based on comparison with summary statistics for a

G- TRCHATL T Sl

VOCs database {Shah and Singh, 1988). The exchange of air between the
atmosphere and vadose zone may occur at WSCP and WSTA either directly
through the soils or indirectly through monitoning wells.
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Acetic acig ' -

—{1,1-0CA ’

Ethanal
Cis1,2-DCE] -,g\- CHaCH,OH
, ' GOy + H,0

TCE --:\- ---a-[ frans-1,2-DCE

-\' 11-0CE |
Major
rmechanism
Biodegradation

Foatnotas

Cis-1,2-DCE generated at
approxmately 30 imes the
concemiration of ramns-1,2-
DCE  and by a factor of
1
Abiofic elimination 4.
Biodegradation
l PCA = Tetrachlomethane
1.1,1-TCA = 1,1,1-Trichloroathane
1.1-DCA = 1,1-Dichioroethane
Cis—1,2-0CE = Gis—1, 2 Dichlorogthane
CA = Chlomethane
PCE =Tetrachlomethane
TCE = Trivhlkerosthane
Trans—1,2-DGE = Trans-1,1-Dichicrogihane
VC = Vinyl chlonde
1,1-TCE = 1,1-Dichloroethane

Figure 1-4 - Transformations of Chlorinared Aliphatic Hydrocarbons, Reprinted from Davis and
(lsen (1990).
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Topic: TRICHUORQETHYLENE

CHEMICAL & PHYSICAL PROFERTIES
ColonForm:

L. CLEAR, COLORLESS. OR BLUE MOBILE LIQUID **FEER PEVIEWED**

[Chol, A. (ed.) Remington's Pharmarcentical Scienees. 161h
ed. Easiar, Penngylvania: Mack Publishing Co., 1980, 985

2. Colarbess liquid funless dyed blws), *UNREVIEWED*™
[WIOSH. NIOSH Packet Guids to Chemical Hazarde DHHAS
(WIOSH) Publication Mo 94-116, Washington, D1 C.: ULE,
Govermment Printing Office, June 1994, 316

Cdor .

1, Ethereal odar **¥EER REVIEWED™™ [Verschueren, K. Handbook
of Environmental Cata of Qrgenic Chemitals, Znd ed, Hew
Yorde, WY Van Nesteand Reinhold Co, 1583, 1132

2, CHLOROFORM-LIKE ODOR **FEER REVIEWED™™ [Weast, B.C. (ad )
Handbaak of Chemisiry and Physics. §7th ed Boca Ratan,

FL: CRLC Press, fng, T?86-37 p 0272

3. Bweet odor **PEER REVIEWEDM* [Healih and Fafety Exccutive
hdonograph: Trichiorosthylene 46 p 2 (19E2}

4. Chjaroform-ilce pdo. *“*UNREVIEWED™< [MIOSH, NIOGH Pocket
Cuide o Chersicel Hazards, DHHS (WTQS H) Pubkication Mo,
94116, Washingtan, [LC.: LS. Govermmenk Printing Office,

June 1994, 35
Boiling Point:

1. 7 DEG C **PEER REVIEWELD™ [Wzast, R_C. {ed.} Handbook of
Chemistsy and Physice 67th ed. Boca Raton, FL: CRC Preas,

Inc., 1586-27.,p. C-172
blefting Point-

1. =73 OEG € **PEER REVIEWED " {"Weast, R.C. (sd.) Handbeok of
Cheristry and Physics, &7h 2d. Boca Ratan, FL: CRC Press,

Ing, 198687 p. C-2T1
Malecttiar Weight-

1. 131.40 **FEER REVIEWED** [Weast, R.C. (ed.) Handbook of
Chemistry and Physics. 57th ed Boca Raton, FL: CRC Tress,

Ine., 1085-87.p. 272
Comrosivige

|. Mon-comrosive "tPEER REVIEWED+* [Si.tt[g, M. Handbook of
Taxie and Hazardous Chemicals and Cardinogens, 1783, Ind
ed Park Ridee, ) tloves Dara Corporntion, 1285, 383

Critical Terpperatues and Prezsure:

L. Critical termperatucs 271 deg ©: Critical pressuere 47.7 arm
VPEER REVIEWED** [Kirk-Othmer Encyclopedia of Chemical
Tachmolwey, 3rd ed, Yolurmes |-26, New Yark, MY fofu
Wiley and Sona, |97E-1284.p. V5 T4a {1575

Dienzivy! Epecific Cravity:
. B 14649 (@ 70 DEG ©/4 BEG C **FEER REVIEWED*™ [Budava, 5.
(e, The derck, Index - Enoyclopedia of Chemnicals, Dougs
and Biolagicals, Rahway, Mi: berck and Ca., Ine., £935,
1518
Heat of Combusticon:
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Tapic: TRICHLOROETHYLENME

L. L.751 Kaoslg **PEER REVIEWED"* [Kirk-Othmer Encyclopedia
of Cheneal Technology, Ird e, Volumes L-26, Wew York,
NY: John Wiizy and Sons, 1973-1984p. V5 746 (197%)
Heat of Vaporization: .
1. 83147 gealigmole **PEER REVIEWED** [Weast, R.C. (od}
Harpibock: of Chemistry and Physics &Tih ed, Boca Ralon,
FL: CRE Preax, Inc, 1936-87 0. C-67)
OotanolWater Partition Coefficionu
1.log Kow=2.2% “*PEER REVIEWED*® [Hansch, C., 4. Len.
Sukestihient Constanis for Correlation Analyais in
Chemisiry and Biology. Maw Yok, MY Juha Wiley and Sons,
1573, 174
Solubilities:
L S0L TN CHLQROFORM, ACETONE, ALCOHGL, ETHER **PEER
REVIEWED** [Weast, R_C. (ed.) Handboak of Chemistry and
Physits. 67th ed Boca Raton, Fl: CRE Press, Inc,
1985-87..p. C-272
2. 1,104} mg/l water at 25 dep, © ** UNREVIEWED** [Verschuerem,
¥. Hardbook of Envicoaumenial Data of Organie Chemicals.
Ind ed. Wew York, 8" Wan toswand Reinhold Co_, 1983,
1132
1. Miscible in oil **PEER REVIEWELD " [Health and Safety
Executive Monograph: Trichloeoethybene 86 p.2 (1782)
Spactral Properties:
[ SADTLER REE WUMBER: 185 (IR, PRISM): MAX ABSORFTION: LESS
THAN 260 NM (VAPQR) **PEER REVIEWED*® [Weast, R.C. {+d.}
Handbook of Chemnistey and Physics, 60th 2d. Boca Raton,
Florida: CRO Press Inc, |97% p. C-298
2, MEBEX OF REFRACTION: 1.4773 3 20 DEG O/T **PEER REVIEWED"*
[ . [Weast, R.C, (ed) Handbook of Chemistry and Physics. 67th
e, Boga Balen FL: CRC 2rey, Tno, |88-87.p. £-271
3, IR: 672 (Saduler Bsearch Laboratores [R Grating
Collection) **PEER REVIEWED** [Weast, R.C. and M.J, Asile,
C R Handbeak of Ctata on Grganic Cempounds. Volwmes T and
II. Boca Raton, FL: CRC Press Inc, 1985 p. V1 527
4, MMEB.: %166 (Sadfiler Resaarch Laboratories Spectral
Callection} “*PEER REVIEWED** [Weast, R.C, and kLI Aslle.
CREC Handbeok of Data on Organis Compounds. Yolumes Eand
[I Bocs Raton, FL: CRC Press Ine, 1985.,p. V1 827
: 3. MASS: 583 [Atlas of Miass Spectral Data, Tohn Wiley & Sang,
,r New York) *#PEER REVIEWED®* [Weast, .. and M), Astle,
: CRC Handbaok of Data on Crganie Campaunds. Yolumes 1 and
1. Boea Raton, FL: CRC Press ne. 1985.p. V1 627
$. Intence mass spectral peaks: 60 miz, 95 miz, 130 miz
w+pEER REVIEWED " [Flleger, KL, M. Mavrer and A Weber.
Mass Spectral and GO Data of Drugs, Poisons and their
Metabalites, Parts [ and Tf, Mass Spectra Indexes.
Weinheim, Fedérsl|Republiz of Germany. 1985, 167
Sutface Tension:
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1, 353 dynetiom = 0,0293 Nim al 30 deg © **PEER REVIEWED"*
V4. Coast Guard, Department of Transportation, CHRTS -
Hazardous Chemical Deta. Volurme I Washingtan, B.C; L5,
Govemment Primeing Offigs, 1984-5,

Vapor Denmty:

L. 4.53 fAir=1/ **PEER REVIEWED*" {Budavan, 8. {zd}. The
Werck, Index - Eneyelopedia of Chermicals, Drugs and
Sialogicale. Rahway, M Merck and Co., Inc, 1989 1516

Waper Fressure:

1. 19.9 MM HG @ 0 DEG C; 57.8 MM HG @ 20 DEG C **PEER
REVIEWED™ [Mational Research Council. Frudent Practices
for Handling Hazardenus Chemicals in Laboraiories,

Washinglon, DiC: National Acadamy Press, 1981, 142
Vigrosily:

1. 00055 poine at 25 deg C **PEER REVIEWED** [Flick, EW.
Industrial Sofvens Mandhook. 3rd ed, Park Ridge, 2):

M myes Publications, 1933, 143
(Hher Chemical/Physical Propertiea:

1. FERCENT IN SATIRATED AlR: 10.2 423 DEG ), EQUIVALEMCIES:
1 MGL~ LE5.5 PPM AND 1 PPM= 338 MGACU M 3 25 DRG C, TED
wibd HG) **PEER REVIEWED"* [Clayton, 3. I and F. B, Clayton
{eda.). Patty's Industeial Hygieme and Toxicology: Yolume
T4 18, 20 Towcology. 3rd ed Mew York: John Wiley Soms,
1981-1987. 3553

2 Ratio of Specific Heats of Vapor (gas) - 1116 **PEER
REVIEWED** 115, Coast Guard, Department of
Transportation CHRIF - Hazardous Chemical Date Volume
L Washingten, 0.C.: L5, Govamment Printing Qifics,

1584-%.

3, Volalile liquid: 94 torr at 30 deg C. **PEER BEVIEWELD ™

. [USEPA; Health Assomment Document; Trichtoraethylens

{Drraft) p.3-15 {1983} EPA-600/8-52-0068

4. Oiltwater coefftcient 9041 **PEER REVIEWED ™ [Waters EM
et al } Toadcol Envie Heafth 70 671-707 £1977) &s cited
in TTSEP A Health Astessment Procument: Trichlerdthylsns
Draft) p.3-3 (1723) EPA-GDN/ 882 006B
% Oive giltwater partition coeacienst 32711 a6 17 deg C.
WPEER REVIEWED** [Sato A, Makajima T, Arch Envir Health
47: 8975 (1979 as cited in USEPA; Health Assessment
Documend: Trchloroethylene (Dralty p. 3-3 (1981}
EPA-G00/8-B2.0068

5. DENSTEY OF SATURATED AIR: 1.35 {AIR~ [) **PEER REVTEWED"™"
[Fatty, F. (ad.}. industrial Hygiene and Toxicology:
Volueae 1E: Toxicology. 2nd od. Mew York: Interscience
Publishers, L7563, 1302

3. Liquid heat capacity: 0.231 Biw'[b-F, saturated vapor
pressure; 1,166 Wisq in: saturated vapor density: 0.0765 3
[t'cu B {all at 70 deg F} **PEER. REVIEWED*" [UL5, Coast
Guard, Bhepartment of Transportatior, CHRIS - Hazardeus
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H5DB
Topic: TRICKLOROETHYLENE

Chemicel Dala. Valume I Washington, D.C. L5,
Goverrmnent Printing Office, 1984-5.

£, Baturated liquid sensity: 90,770 loicu ff; ideal gas heat
capacity: 0,146 Btub-F (Al at 75 deg F) *'PEER
REVIEWED® [[1.5. Coast Guard, Departihent of
Transpertalion. CHRIS - Hazarduws Chemical Data. Valume
II. Washingten, D.C.: US. Governrment Printing Office,
1584-5. :

o, Weight per gallon @ 20 deg © 1220 Ib. *“PEER REVIEWED™
[Flick, EW'. Industrial Salvenis Handhook. 3rd ed, Park '
Ridge, MJ: Moyes Publications, 1983, 143

10, Pastitien ooefficients at 37 deg © for trichlorocthylome
into blood = 9.5 inte oil = 718, **PEER REVIEWED " [Sato
& Wakajima T, Seand T Wark Eovirnn Health L2: 31-82
(1987}

L1, Diclectric constant @@ 15 deg C 3,42 coafficient of mubic
expansion 0.001 1% (at 0-40 deg T heat of formation 1.959
kealimole; Ententt keal of vaporization 57.4 calig, **FEER
RENIEWED** [irk-Othmer Encyctopedia of Chemical
Technalogy, Jrd ed, Volumes 1-26, New York, 2Y: Infin
Wiley and Sons, 1978-1984_p. V5 746 {1979)

12. Henry's Law Congtant is 1X00-2 atme-cu mimaole, **PEER
BREVIEWED** [Eisenreich 5] 2t al; Environ 3a3 Tachnel 13:
30-8 {1981

HSDB
Topic: L,2-DICHLOROETHYLENE

CHEMICAL & PHYSICAE PROPERTIES
Cafor¥orm

L. bcbils liquid **PEER REVIEWED [Kirk-Chimmer Encyclopedia
of Chemical Technology. 4th ed. Volumes b Mew York, NY.
Jobhn Wiley and Sans, 199 1-Present p. ¥4 36

2 (oloclcs *PELR REVIEWED™* [Wational Fire Protection
Assaciation. Firs Protection Guide on Hazardaus Materials,
¢th £d. Boston, A4 National Fire Fralection Association,
1986 p. 4935

1, Sotarless liquid (usuatly a mixgere of cis & rans
jspmers), *400 REVIEWED** [MIOSH. NIOSH Pocket Tuide tn
Chemical Hazards, DHES {HT0SH) Publicalion Mo, 24-116.
Washington, 13.C.: U8 Government Printing Qfice, Tune
1904, 9%

Cdor: ’

1. ETHEREAL, SLIGHTLY ACRID **PEER REVIEWED™" [Budavari, 5.
{zi). The Merck Index - Encyclopedia of Chemicals, Drug
and Biclogicals. Rahway, NI Metck and Co., Inc, 1383 15

1. PLEASANT *'PEER REVIEWED™ [Hawley, G.G. The Condetted
Chemdcal Dictionary., 1Th od New York: Van Nestrand
Reinbold Co., 1951333

1, Chlarmfoerm-like **PEER REVIEWED** [U.8, Coant Guard,
Departmeni of Transportation, CHRIS - Hazardous Chenicel
Data. Volume II. Washinglen, D.C.: ULS. Gevermment
Primting, Office, 1984-3.

4, Shightly actid, chiomfarm-fike ador. #0C REVIEWED**
[MI0SH. NIOSH Pocket Guide to Chernical Hazards. DHHS
N IOSH) Publication Ma. 94116, Washington, B.C.: LS.
Owvarsonent Printing Office, June 1534 98

Meliing Point;

1. -50 deg © **PEER REVIEWED** [Clayton, &. D. and F. E.
Clayion {gs.). Patty's industnial Hygiene and Toxdcology:
Yolums A, 18, 20: Toxeology, 3vd ed New Y ork: Tohn
Wilcy Sons, 1981-1982, 3534

- Moleculsr Weight:
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. 1. 9695 **PEER REVIEWED™™ [Budavarl, & (sd]. The Merck
Index - Eneyclopedia of Chemicals, Dregs and Bickagicals
Rahway, N¥: Mevck and Co_, Inc., 1989, 15

Corrpsivity;

L 1.2-Dichlorocthylene will attack, some forms of plastics, |
rubber, and Goatings. "*FEER REVIEWED** [Mackisan, F. W,
B 8 Stricoff. and L. I, Panridge, Ir. {eds.).

NIDSHAGSHA - Uemupational Health {uidelines for Chemical
Hazards, DHHE(NIOSH) Publicationi¥a. 1-123 (3 VOLS).
Washingron, RC: ULE, Gevernment Printing Office, Tan,
12812

Densiny/ Specific Gravity:

L 127 at 25 deg C (quidy **AEER REVIEWED** [U.5. Coast
Cuard, Deparmenl of Transportation, CHEIS - Hazzrdous
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Attachment 2

Calculation of Equilibrium
Soil Gas Concentration
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Calculation of equilibrium soil gas concentration for TCE in groundwater at 500 wgil

pg=gme 167
At .
H.=110%2"""_ | Henry's Law Coefficient (Attachment 1)
male ]
Cw .= 501}_;1; ...concentratian in water
L
m
MW - 1314 B ...molecular weight of TCE
mole
R--0.08206 3™ e constant
K male
T-2293K ..lemperature

, H
C:ur-:Cw-R.T Henry's law (Felter, 1953}

Cair=208.7%  (Cair=208."E

o titer
P :latm ...a55UMe air pressure is 1 atm
, . RT e m ) )
PPMair - Cair MW_F-m*‘ PPMair =381  _roncemration expressed in gpm
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Attachment 3

Photographs
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Photo Log

3

e
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View of van at SG-02 looking southwest.

Prive rod with expendable drive point laying honzental beneath control panel and above
biack temporary iron pipe at SG-02.

Geoprobe® van at $G-02 with Raffinate Pit 3 in background.

Steam cleaning drive rods at the Building 434 decon pad.

Pressure gages inside Geoprobe® van.

Pushing the sample probe at SG-29.

Drawing a soil gas sample with portabie vacuum chamber.

Portable vacuum chamber.

Sample of soil gas in 1-liter Tedlar bag.
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